interval [CI] , 7.4 to 51.5; p<0.001); and an APACHE II score >18 (AOR=9.4; CI=3.1 to 28.3; p=0.03). The observed mortality following surgery was stratified according to the presence or absence of these two factors: neither present, 5.1 percent; APACHE 11>18 present alone, 33 percent; OSFI >2 present alone, 60 percent; and both present, 88.9 percent (p<0.001). Surgical nonsurvivors and patients electing not to undergo surgery were similar without significant differences for demographics, severity of illness, or organ system derangements at the time of surgical evaluation. Conclusions: The number of organ system derangements and the severity of illness, as assessed by APACHE II, appear to be useful discriminators of outcome for patients in the medical ICU undergoing abdominal surgery. These data suggest potential outcome predictors for this selected group of patients in the ICU. (Chest 1994; 106:1822-28) on the statistical analysis of databases that examine patient outcomes in relationship to specific processes of care administered in "real world" clinical settings.7 To date, the methods of outcomes research have not been applied to the examination of surgical outcomes for critically ill medical patients. Continuing debate concerning the appropriateness of surgery in many seriously ill medical patients8'9 suggests the need for an explicit approach to the management of this problem.'0
We performed a prospective cohort study whose main goal was to identify potential outcome predictors, available at the time of surgical evaluation, for patients in the medical ICU undergoing abdominal surgery. A secondary objective of this study was to estimate the incidence of and evaluate the spectrum of surgical abdominal processes occurring in a medical ICU population.
METHODS Study Location and Entry Criteria
The study was conducted within the medical ICU (19 The potential study population consisted of all consecutive admissions to the medical ICU from August 1992 through September 1993. Eligibility criteria included the development of an abdominal process clinically judged to be amenable to surgical intervention. Exclusion criteria for patient removal from the study cohort used to develop the outcome prediction model included patient preference not to undergo surgery and patient age younger than 18 years.
Clinical Evaluation and Data Collection
The principal investigator or a clinical research nurse made rounds in the medical ICU during weekdays to identify eligible patients. This was accomplished by reviewing patient records and discussing individual patients with their medical ICU physician teams. Weekend admissions were evaluated on the first day of the work week using the same process. Patient admission logs were prospectively surveyed to ensure that potential patients meeting study criteria were not overlooked. Additionally, unexplained patient deaths, accompanied by autopsy results, which occurred during the study period were also reviewed.
The principal investigator recorded relevant data from the patient's medical record and the computerized nursing station (EMTEK, EMTEK Health Care Systems Inc, Tempe, Ariz). Study variables were recorded and maintained in a data collection file. Study variables were selected prospectively based on the experience of the principal investigator2 and a review of the medical literature using MEDLINE. Baseline study variables evaluated at the time of admission to the medical ICU included the following: age, sex, preadmission life-style score, presence of underlying malignancy, and the serum albumin level (g/L) obtained from hospital admission. Predictor variables recorded from the 24-h period prior to establishing a clinical diagnosis requiring surgery included the following: serum creatinine (,mol/L), serum bilirubin (,umol/L), presence of altered mental status, APACHE II score, and the organ system failure index (OSFI) score. The presence of any clinical evidence suggesting a potential delay in the diagnosis of the underlying surgical process was retrospectively assessed as a separate study variable. The outcomes recorded included patient mortality, length of medical ICU stay, and the total hospital stay.
Definitions of Variables
The preadmission life-style score was adapted from Menzies and abdominal free air demonstrated radiographically, elevated amylase level) present and unexplained or misinterpreted for at least 24 h prior to establishing a clinical surgical diagnosis. A broad interpretation was purposefully employed in retrospectively applying this definition so as to optimize its sensitivity. Patients with this risk factor were subsequently divided into prehospitalization and hospitalization groups based on the occurrence of the delay. Prehospitalization delays occurred prior to hospital admission (ie, due to patient initiated factors) while hospitalization delays occurred following hospital admission. The presence of individual organ system derangements (ie, renal, hepatic, pulmonary, bone marrow, neurologic, gastrointestinal, cardiac) were also prospectively evaluated as potential risk factors for mortality using the diagnostic criteria of the OSFI as defined above. '3 
Definitions of Surgical Groupings
Abdominal processes potentially amenable to surgery were prospectively defined as any process involving the abdomen (ie, abdominal wall and contents) usually managed with surgical intervention. Group 1 included patients diagnosed as having general surgical processes amenable to surgical intervention; group 2, patients with gastrointestinal hemorrhage requiring surgery; group 3, patients undergoing liver transplantation; and group 4, patients with an abdominal process potentially amenable to surgery who elected either directly or indirectly (ie, as expressed by family members) to forego surgery.
Statistical Analysis
Analysis of variance, the Kruskal-Wallis test, and the x2 statistic or Fishers Exact Test were used to evaluate differences for the study variables among the four groups. Univariate analysis was used to compare the variables for the outcome groups of interest (surgical survivors vs surgical nonsurvivors and surgical nonsurvivors vs patients electing to forego surgery). All comparisons were unpaired and all tests of significance were two-tailed. Continuous variables were compared using Student's t test for normally distributed variables and the Wilcoxon rank sum test for non-normally distributed variables. The x2 statistic was used to compare categorical variables. Odds ratios and their 95 percent confidence intervals were calculated for significant variables using standard methods.
The multivariate analysis was performed using the logistic regression technique.' A commercial statistical package was used for the performance of this analysis.15 Multivariate analysis was performed using models that a priori were judged to be clinically sound. This was prospectively determined to be necessary so as to avoid producing spuriously significant results with multiple comparisons.'6 All continuous variables were dichotomized using cutoff points derived from the results of the univariate analysis. Variables were coded using the number one to indicate that a factor was present and zero to indicate its absence. To minimize the effects of colinearity, related variables that were identified as being significant for model entry (p<0.25) (eg, presence of altered mental status and neurologic failure) were entered individually. A stepwise approach was used to enter variables into the model with 0.05 as the limit for accepting and removing newly entered 
RESULTS

Demographics and Intergroup Variability
There were 1,617 patients admitted to the medical ICU during the study period of which 67 patients (4.1 percent) developed an abdominal process judged to be potentially amenable to surgical intervention. Fifty-six of these patients (83.6 percent) elected to undergo surgery and were included in the study cohort. Characteristics of the three surgical groups comprising the study cohort and the nonsurgical group are shown in Table 1 . The diagnoses requiring surgery in group 1 included the following: gastric or bowel perforation (nine patients), bowel ischemia or infarction (five patients), cholecystitis or biliary obstruction with resultant sepsis (three patients), cecal or sigmoid volvulus (two patients), bowel obstruction (two patients), and one patient each with uterine gangrene, liver abscess, spontaneous splenic rupture, abdominal wound dehiscence, pancreatic abscess, iatrogenic liver laceration, emergent cesarean section, renal allograft rejection, spontaneous intraabdominal hemorrhage, and soft-tissue abdominal wall infection. Group 2 patients included 14 with acutely bleeding gastric or duodenal ulcers and 5 with colonic sources of hemorrhage. Surgical diagnoses for the 11 patients electing to forego surgery (mortality= 100 percent) included gastrointestinal hemorrhage (3 patients); peritonitis (2 patients), bowel obstruction (2 patients), biliary obstruction with resultant sepsis (2 patients); bowel perforation (1 patient), and pneumatosis coli (1 patient). Mortality From Surgery as an Outcome Group 1 patients had a significantly higher rate of mortality (38.7 percent) compared with patients in group 2 (10.5 percent) or group 3 (0.0 percent) (p=0.027). Table 2 compares the study variables for the grouped survivors and nonsurvivors of surgery.
Multivariate Analysis and Model Characteristics
The 12 variables entered into the stepwise regression analysis, their cutpoints, and unadjusted odds ratios are shown in Table 3 . The results of the stepwise logistic regression analysis are shown in Table 4 . The final form for the regression equation is as follows: y= -2.785+2.9716 (OSFI) +2.2369 (APACHE) (1) 
Diagnostic Delays
Fourteen diagnostic delays occurred in patients undergoing surgery, with the surgical nonsurvivors having a significantly greater incidence of these delays (71.4 percent) compared with the surgical survivors (9.5 percent) (p<0.001). Eight of these delays (57.1 percent) occurred during hospitalization (ie, pre-ICU and ICU hospitalization). All eight of these patients had at least one sign or symptom, noted in their medical record, suggesting the presence of an abdominal process for at least 24 h prior to surgical evaluation. These included the following: abdominal pain, 100 percent; unexplained metabolic acidosis, 25 percent; and unrecognized free air on a chest radiograph, 12.5 percent. CHEST / 106 / 6 / DECEMBER, 1994 1825 Nonsurgical Patients Group 4 patients demonstrated a trend toward higher serum bilirubin (p=0.051) and creatinine values (p=0.063) and a lower incidence of diagnostic delays (p=0.08) compared to the surgical nonsurvivors (Table 5 ). There was no difference in the occurrence of individual organ system derangements between these two groups.
Duration of Hospitalization
Group 4 patients had a significantly shorter length of hospitalization (9.5±17.9 days) compared with both the surgical survivors (30.9 ± 29.9 days) and the surgical nonsurvivors (32.9 ± 46.1 days) (p<0.001). There was no difference between length of stay in the medical ICU for these three groups (4.5 ± 7.9, 3.3 + 4.0, and 4.0 ± 7.2 days, respectively) (p=0.176).
However, the total ICU length of stay (ie, combined medical and surgical ICU length of stay) was significantly longer for surgical nonsurvivors (23.3 ± 34.2 days) compared with group 4 patients (4.5 ± 7.9 days) (p<o.ool).
DISCUSSION
This study demonstrated that the number of organ system derangements and the severity of illness, as measured by APACHE II, were independent predictors of mortality for patients in the medical ICU undergoing abdominal surgery. Additionally, the incidence of abdominal processes potentially amenable to surgical intervention was found to be 4 The importance of acquired organ system derangements in determining outcome for patients requiring intensive care is well established.82526 The influence of underlying organ system derangements on outcome following laparotomy has also been investigated previously in patients undergoing surgery. 4, 19, [27] [28] [29] [30] [31] Butler and coworkers19 found the presence of underlying organ system failures to be the single most powerful predictive factor in determining patient outcome following abdominal surgical reexploration for abdominal sepsis. Hinsdale and Jaffe27 found that the presence of multiple organ system failures, age greater than 50 years, and peritonitis at the time of first surgical exploration all correlated with mortality in their patients requiring reoperation. These findings have resulted in the general recommendation that abdominal surgery be performed prior to the occurrence of organ system failures and septic shock if optimal results are to be expected. 4303 The importance of early diagnosis and treatment of surgically amenable intra-abdominal processes, in the critically ill, cannot be overstated. Early surgical intervention has been shown repeatedly to result in decreased mortality.46,47 Timely diagnosis represents one of the few prognostic variables that physicians have some control over in these patients. In order to minimize the occurrence of diagnostic delays, we recommend adherence to certain general management principles. Specific warning signs or triggers, when they occur, should alert the critical care practitioner to the presence of a possible abdominal process requiring surgical evaluation. These triggers include the following: unexplained metabolic acidosis or multiple organ system failures, prolonged paralytic ileus, persistent abdominal pain or distention, and persistent hypovolemia or positive fluid balance. We recommend having a low threshold for obtaining surgical consultation when any of these triggers occur in the appropriate clinical setting. Early surgical consultation should aid in more efficiently directing the diagnostic evaluation of these patients21 and potentially improving their outcomes.46 '47 Several limitations of our study should be noted. The relatively small sample size of our cohort limited our ability to identify all significant outcome determinants for this group of patients. The performance of the study at a single center introduces the possibility of selection biases and limits the applicability of our results to other centers. Although minimizing the use of futile surgery in the critically ill is an important goal, independent validation of these predictors needs to be performed prior to their clinical use. Using our prediction rule, one of the surgical survivors in our cohort would have been denied surgery. However, this patient had one of the longest hospitalizations (158 days) resulting in permanent disability and nursing home placement. An appropriately validated prediction rule offers the opportunity to avoid unnecessary pain and suffering, as well as unnecessary surgical ICU costs, for patients who will not benefit from that surgery. Future studies will determine if prediction models such as these will accomplish the goal of improving our utilization of invasive diagnostic and therapeutic procedures in the critically ill.
